Melanoma-related deaths are universally due to complications from metastatic disease and more than half of all melanoma deaths are due to brain metastases. Up to 75% of patients with stage IV melanoma will develop brain metastases and the prognosis for these patients is extremely poor.[@cit0001] Melanoma brain metastasis continues to pose a significant clinical challenge despite recent therapeutic advances. In a recent study, we investigated the role of activated protein kinase B alpha (AKT1) in promoting the spread of melanoma to distant organs. We discovered that expression of activated AKT1 is sufficient to drive spontaneous lung and brain metastases in a non-metastatic autochthonous mouse model of melanoma.[@cit0002]

Clinical data provide compelling correlative evidence that AKT signaling is involved in melanoma metastasis, especially to the brain.[@cit0003] A comparison between lung, liver, and brain metastases from human melanoma samples revealed significantly higher levels of phosphorylated AKT and a downstream target, phosphorylated glycogen synthase kinase-3 β (GSK3β), in brain metastases compared with lung and liver metastases. Using a trans-well invasion assay with astrocyte-conditioned media as an attractant, Niessner et al. found that melanoma cells adopted a more invasive phenotype with increased phosphorylated AKT relative to control conditions, demonstrating that aberrant AKT signaling was associated with increased brain-specific invasiveness of melanoma cells.[@cit0004]

In line with increased AKT activity, protein levels of phosphatase and tensin homolog deleted on chromosome 10 (PTEN) were significantly lower in brain metastases compared with lung and liver metastases.[@cit0003] Follow-up studies comparing patient-matched brain *versus* extracranial melanoma metastases found additional evidence of increased AKT activity as a characteristic of brain metastases; however, PTEN protein levels were similar between the matched metastases.[@cit0005] Furthermore, Pten silencing combined with expression of Braf^V600E^in mouse melanocytes *in vivo* resulted in melanoma formation and development of lymph node and lung metastases, but not brain metastases.[@cit0006] Activation of AKT in melanoma occurs via several mechanisms including deletion or inactivation of PTEN, which is observed in up to 43% of melanomas; genomic amplification or increased gene expression of *AKT*; and activating mutations in phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit α (*PIK3CA*) and *AKT* isoforms, which occur in 1--5% and 1--2% of melanomas, respectively.[@cit0007] Moreover, novel mutations in *AKT1* confer a survival advantage for melanoma and have been found in the setting of drug-resistant, metastatic disease.[@cit0008]

Using an established mouse model of melanoma that allows postnatal gene delivery to somatic cells, we assessed the ability of Pten silencing or AKT1 activation, either alone or in combination, to promote melanomagenesis and metastasis in the context of mutant Braf^V600E^and silencing of the *cyclin-dependent kinase inhibitor 2a* (*Cdkn2a*) locus. Although either Pten silencing or expression of activated AKT1 promoted melanoma formation in this context, only melanomas with activated AKT1 developed spontaneous brain metastases. Additionally, Pten silencing cooperated with active AKT1 to accelerate both tumor formation and metastasis.[@cit0002]

Pten functions as a phosphatase to dephosphorylate phosphoinositide substrates, specifically phosphatidylinositol-3,4,5-trisphosphate (PIP3) to phosphatidylinositol-4,5-bisphosphate (PIP2) ([Fig. 1A](#f0001){ref-type="fig"}). Pten is antagonized by phosphatidylinositol-4,5-bisphosphate 3-kinase (Pi3k), which phosphorylates PIP2 to generate PIP3, a plasma membrane phospholipid that binds to the pleckstrin homology (PH) domain of AKT. This binding not only aids in the recruitment of AKT to the membrane but also competes with the intramolecular interactions between the PH domain and the kinase domain thereby promoting an open conformation amenable to phosphorylation by pyruvate dehydrogenase kinase, isozyme 1 (Pdk1) and mammalian target of rapamycin complex 2 (mTorc2). In the absence of Pten, there is an abundance of PIP3 ([Fig. 1B](#f0001){ref-type="fig"}). While the myristoylation (myr) signal on AKT1 used in our study assists in membrane targeting ([Fig. 1C](#f0001){ref-type="fig"}), binding of PIP3 promotes an open conformation and likely explains the cooperation between myrAKT1 and Pten loss ([Fig. 1D](#f0001){ref-type="fig"}). Figure 1.Activation of AKT1 in the context of mutant Braf^V600E^ and *Cdkn2a* loss promotes lung and brain metastasis, a phenotype that is further enhanced through Pten loss. (A) Intact Pten diminishes endogenous AKT activation through conversion of PIP3 to PIP2. (B) Loss of Pten promotes excess PIP3. Endogenous AKT binds PIP3 via the pleckstrin homology (PH) domain and adopts on open conformation amenable to phosphorylation. Hyperactive AKT results in the emergence of lung metastases. (C) Myristoylation (Myr) leads to AKT1 activation by targeting AKT1 to the plasma membrane. This promotes a high incidence of lung metastasis and the emergence of brain metastases. (D) The combination of Pten loss and myristoylation of AKT1 results in a cooperative event that maximizes AKT activation and promotes a high incidence of both lung and brain metastasis.

Activated AKT phosphorylates a large number of downstream substrates including mTor, leading to its activation. Activated AKT also phosphorylates the mTor inhibitor proteins proline-rich AKT substrate, 40 kDa (Pras40), and tuberous sclerosis complex 2 (Tsc2), inhibiting their function. These combined actions promote cell growth and cell cycle progression. Further analysis of the differences between the tumors in our study revealed activation of mTorc signaling in tumors driven by activated AKT,[@cit0002] further supporting a role for this pathway in melanoma metastasis. Hyperactive mTORC signaling is disproportionately observed in melanomas (73%, 78/107) compared to benign nevi (4%, 3/67).[@cit0009] Silencing of serine/threonine kinase 11 (Stk11/Lkb1), a known negative regulator of mTorc signaling, in the context of non-metastatic melanomas resulted in lung metastases.[@cit0010] Pharmacological targeting of mTor effectively blocked melanoma cell growth *in vitro* and in animal models.[@cit0006] Unfortunately, but not surprisingly, mTOR inhibitors have failed to demonstrate clinical efficacy against melanoma as monotherapy and are currently being evaluated in combination with other therapies for this disease.

To our knowledge, this mouse model is the first *in vivo* autochthonous model of melanoma lung and brain metastasis in an immunocompetent animal. This model system provides a powerful platform to further study the mechanisms of melanoma metastasis and sheds light on the involvement of AKT signaling in this process. Our data highlight the importance of AKT1 activation in promoting melanoma metastasis to the brain and reveal that activation of AKT1 is distinct from Pten silencing in metastatic melanoma progression. Our findings and those of others advance our knowledge of the mechanisms driving melanoma brain metastasis and may provide valuable insights for assessing the risk for development of melanoma brain metastases and for guiding clinical treatment.
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